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Purpose: Kinks and coils of the extracranial carotid artery system have been described in 
conjunction with atherosclerotic disease of the internal carotid artery. The purpose of this 
study was to determine whether adding a carotid artery shortening procedure to carotid 
endarterectomy affected perioperative mortality and stroke-morbidity rates or late 
restenosis. 
Methods: A retrospective chart review of all patients who concurrently underwent carotid 
endarterectomy and ipsilateral carotid artery shortening between 1983 and 1992 was 
performed. Long-term foUow-up was obtained by contacting the primary physician or 
patient, and carotid artery duplex scans were obtained. 
Results: One hundred seven patients were found to have undergone concurrent carotid 
endarterectomy and carotid artery shortening. The age fange was 47 to 89 years, with 53 
female and 54 male patients. Indications for surgery in this group were transient ischemic 
attacks in 28%, stroke in 18%, amaurosis fugax in 7%, and high-grade asymptomatic 
stenosis in 47%. Shortening procedures were performed by use of a variety of techniques 
at the completion of endarterectomy. The combined 30-day mortality and stroke 
morbidity rate was 2.7%, with two postoperative d aths and one stroke. In this same 
period, a total of 1072 carotid endarterectomies were performed, and the combined 
30-day mortality and stroke morbidity rate was 4.0%. During late foUow-up there were 
no ipsilateral strokes, recurrent symptoms, or significant restenoses. 
Conclusions: This experience suggests that the addition of a shortening procedure to 
carotid endarterectomy can be performed without increased morbidity and mortality rates 
and, when deemed appropriate, is a procedure with which the vascular surgeon should be 
Eamiliar. (J VASC SURG 1995;22:257-63.) 
Carotid artery ldnks and coils are found in as 
many as 16% to 34% of the adult population. 1 
Although the natural history of these variants is not 
well known, it has been suggested that abnormal 
ldnking may cause cerebrovascular symptoms or 
accelerate atherosclerosis because of resulting abnor- 
mal flow patterns. 2,3 Various techniques have been 
suggested to straighten redundant or kinked vessels, 
often in conjunction with carotid endarterectomy. 
With the uncertäin atural history of such lesions, 
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it is important hat remedial procedures not im- 
pose additional operative morbidity or death over 
that associated with carotid endarterectomy alone. 
To evaluate this concern, we performed a 10-year 
retrospective r view of patients undergoing carotid 
artery shortening procedures in conjunction with 
carotid endarterectomy. 
METHODS 
A retrospective r view of all carotid endarterec- 
tomies performed by the vascular and cardiovascular 
services at Emory University Hospital between 
January 1983 and December 1992 was undertaken. 
During this 10-year period 1072 carotid endarterec- 
tomies were performed. Cases in which a carotid 
artery shortening procedure was done in conjunction 
with carotid endarterectomy were selected as the 
subject of this study. 
All patients were evaluated before operation with 
four-vessel arch arteriography. Among the study 
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Table I. Comorbid characteristics of 
patients undergoing endarterectomy 
With shortening Without shortening 
(n = 107) (n = 965) 
Hypertension 79.4% (85) 62.1% (599) 
Diabetes mellitus 19.6% (21) 21.1% (204) 
Coronary artery 69.2% (74) 61.1% (590) 
disease 
Smoking history 64.5% (69) 72.8% (703) 
Table II. Indications for carotid 
endarterectomy 
I/Vith shortening Without shortening 
(n = 107) (n = 965) 
Asymptomatic stenosis 46.7% (50) 45.6% (440) 
Transient ischernic at- 28.0% (30) 28.0% (270) 
tacks 
Cerebrovasculat ac- 17.6% (19) 14.9% (144) 
cident 
Amaurosis fugax 7.5% (8) 11.0% (106) 
Vascular tinnitus 0.0% (0) 0.5% (5) 
group undergoing concurrent shortening proce- 
dures, the average degree ofstenosis on the operated 
side was 80.2%. No patient underwent operation 
solely to repair a carotid artery kink or coil. Sixteen 
patients (15%) had a contralateral internal carotid 
artery occlusion. Twenty-eight procedures (26.2%) 
were performed with electroencephalographic moni- 
toring with the patient receiving eneral anesthetic, 
whereas 79 (73.8%) were performed with the patient 
receiving local anesthetic. Intraluminal shunts were 
used in 94.4% of cases. Ten patients (9.3%) under- 
went adjunctive surgical procedures (coronary artery 
bypass in eight patients) either during the same 
anesthetic orduring the same hospitalization wherein 
they underwent carotid endarterectomy. The deci- 
sion to perform concurrent carotid artery shortening 
was made by the operating surgeon at the time of the 
procedure on the basis of anticipated excessive 
redtmdancy or potential kinking if not corrected. 
RESULTS 
One hundred seven of 1072 patients (10%) 
undergoing carotid endarterectomy during the 10- 
year study period underwent a concomitant carotid 
artery shortening procedure. The age range among 
this group was 47 to 89 years, with an average age of 
71.1 years. There were 53 female and 54 male 
patients (1:1). 
Associated risk factors included hypertension i  
79.4%, diabetes mellitus in 19.6%, coronary artery 
disease in 69.2%, and significant history of smoking 
in 64.5%. Table I compares the comorbid character- 
istics of the study group with those of 965 patients 
undergoing carotid endarterectomy without short- 
ening of the carotid artery during the same time 
period. Indications for carotid endarterectomy were 
transient ischemic attacks in 28%, previous ipsilateral 
stroke in 17.6%, amaurosis fugax in 7.5%, and 
high-grade asymptomatic stenosis in 46.7%. Table II 
depicts the indications for carotid endarterectomy for 
both the study group and the control group. 
Carotid artery shortening procedures were per- 
formed with one of the following techniques. In 48 
cases, a segment of the common carotid artery was 
resected with an end-to-end anastomosis restoring 
continuity proximal to the longitudinal rteriotomy. 
Thirty patients underwent resection of a portion of 
the internal caroUd artery, with an end-to-end 
anastomosis distal to the longitudinal arteriotomy. 
Four individuals had transection of the internal 
carotid artery with proximal reimplantation to the 
carotid bulb. In 25 cases, the internal carotid artery 
was transected obliquely, rotated 180 degrees, and 
advanced onto the arteriotomy as an in situ patch. 
The selection of technique for shortening was made 
at the time of surgery by the operating surgeon. 
The combined 30-day mortality and stroke mor- 
bidity rate for patients undergoing carotid artery 
shortening procedures in conjunction with endarter- 
ectomy was 2.7%, with t-wo deaths and one stroke. 
One death occurred in a 72-year-old woman as a 
result of a postoperative stroke. The other death 
occurred in a 73-year-old woman 4 days after carotid 
endarterectomy during coronary artery bypass. Table 
III compares postoperative complications for the 
study group with those of the control group. 
Differences did not achieve statistical significance by 
chi-squared testing. 
Long-term follow-up data were available for 101 
of 105 patients (96%) who survived endarterectomy 
at a range of 1 to 10 years after operation and an 
average of 43 months. Seventy-four patients were 
alive, and 27 were dead at last contact. Late deaths 
were attributed to heart disease in 14 patients, 
malignancy in three patients, and unknown causes in 
seven patients. Kidney failure, a gunshot wound, and 
a contralateral stroke each accotmted for one death. 
During the follow-up period, there were no ipsilat- 
eral strokes or recurrent symptoms referable to the 
operated side, although five contralateral strokes 
occurred. Carotid artery duplex scans obtained at the 
Emory Clinic were available on 46 patients an 
average of 37 months after operation revealed normal 
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Fig. 1. Technique of internal carotid artery straightening. A, Endarterectomy is performed 
through longimdinal arteriotomy. B, Internal carotid artery is transected obliquely at its origin, 
then rotated 180 degrees betbre reanastomosis. C, Completed anastomosis with previous back 
wall of internal carotid artery advanced onto arteriotomy as in situ patch. 
carotid arteries in 69.6%, mild stenosis (< 50%) in 
6.5%, and moderate stenosis (50% to 79%) in 
23.9%. Akhough duplex scans were available on less 
than half of our patients, none demonstrated severe 
stenosis ( > 80%) or ipsilateral internal carotid artery 
occlusion. Stratification with regard to the type of 
shortening procedure did not reveal significant dif- 
ferences among recurrence rates. No patient required 
ipsilateral carotid artery reoperation during the 
foUow-up period. 
DISCUSSlON 
The canse of carotid artery kinks and angulations 
has not been fully delineated. However, it has been 
suggested that coils are frequently congenital, caused 
by a failure of straightening of the initially coiled 
artery with descent of the fetal heart, whereas kinks 
and redundancies may be acquired and are more 
orten found in association with atherosclerotic ca- 
rotid artery disease.4-6 Abrupt angulations may create 
distorted flow patterns, thereby accelerating devel- 
opment of atherosclerotic disease in the proximal 
vessel. Conversely, it has been suggested that athero- 
sclerotic disease itselfcauses weakening and thinning 
of the arterial wall, which then predisposes the vessel 
to kinking. Additionally, atherosclerotic plaque may 
act as a stent for the artery, with redundancies 
becoming more apparent once the plaque is removed. 
It has been observed that kinks and angulations are 
found more frequently inwomen than in men. 2,7 This 
series reflected a higher ratio of female to male 
Table III. Complications after carotid 
endarterectomy 
With shortening Without shortening 
(n = 107) (n = 965) 
Stroke 0.9% (1) 2.6% (25) 
Death 1.9% (2) 1.6% (15) 
Stroke + death 2.7% (3) 4.1% (40) 
TIA 1.9% (2) 2.I% (20) 
Myocardial infarction 0.0% (0) 0.9% (9) 
Hematoma 6.5% (7) 3.6% (35) 
T/A, Transient ischemic attack. 
patients among the group undergoing conjunctive 
shortening procedures (1:1) than among those 
undergoing carotid endarterectomy alone (1:1.9). 
It is difficult o attribute symptoms to abnormal 
kinking of the carotid artery, particularly when this 
condition coexists with significant atherosclerotic 
disease. Some observers have related positional 
changes involving kinks and redundancies to the 
occurrence of symptoms where an acute angulation 
may be accentuated by rotating or extending the 
neck. 2,8-n Intuitively, severe angulations that com- 
promise the vessel lurnen could produce cerebrovas- 
cular symptoms, especially in the early postoperative 
period when patients eem to be at greatest risk for 
local thrombosis or cerebral emboli. 
A variety of techniques are currently used to 
correct the severely angulated carotid artery. Archid 2 
described shortening of redundant endarterecto- 
mized internal carotid artery segments with trans- 
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Table IV. Complications after carotid endarterectomy with conjunctive shortening 
Series No. of patients Strokes Death Stroke + death 
Quatt lebaum et al. 8 153 - 7 - 
Smith et al. 14 3 0 0 0 
Chino et al. 16 4 0 0 0 
Poindexter et al. 2 6 0 0 0 
Collins et al)  a 19 0 0 0 
Archie et al. 12 16 - - - 
Coyle et al. 107 1 2 3 
verse eversion suture plication in 16 patients. In a 
series of 19 patients undergoing carotid endarterec- 
tomy, Collins et a1.13 used a method of resection of a 
portion of the internal carotid artery, end-to-end 
transverse anastomosis of the back wall, followed by 
closure of the anterior longitudinal arteriotomy with 
a saphenous vein or Dacron patch. Smith et al)4 
described a similar technique in three cases; however, 
a segment of endarterectomized internal carotid 
artery was used as the patch material. Hamann I5 and 
Chino 16 in two separate series described shortening 
of the redundant vessel by transecting the internal 
carotid artery and reimplanting it onto the carotid 
bulb. Resection of a portion of the common carotid 
artery has been reported as an alternative t chnique of 
carotid artery shortening. 2,8 In this series, we have 
used a variety oftechniques on the basis of the caliber 
and mobility of the vessel and the location and extent 
of the angulation or ldnk. The techniques we have 
used of shortening by means of either internal or 
common carotid artery resection or reimplantation f
the transected internal carotid artery to the carotid 
bulb are similar to those reported by others. In all 
cases, endarterectomy was performed first by way of 
a longitudinal arteriot0my with an indwelling shunt. 
In 25 cases, we elected to use a shortening technique 
wherein, after longitudinal arteriotomy and endar- 
terectomy, the internal carotid artery is transected 
obliquely at its origin, and the mobilized internal 
carotid artery is then rotated 180 degrees and sutured 
onto the arteriotomy as an in situ patch. This 
technique is illustrated in Fig. 1. Currently, we favor 
either this approach or resection of a segment of the 
common carotid artery. The latter is used when 
significant redundancy exists in both internal and 
external carotid arteries. Consequently, division of 
the external carotid artery or its proximal branches i
not required. 
In this series, the addition of carotid artery 
shortening procedures to carotid endarterectomy did 
not increase the risk of stroke-related morbidity or 
death. The combined 30-day stroke and death rate of 
2.7% among those undergoing concomitant short- 
ening procedures, compares favorably with a rate of 
4.1% among patients undergoing carotid endarter- 
ectomy without carotid artery shortening. Other 
series reporting outcome of carotid artery shortening 
procedures have similarly found low complication 
rates. The stroke and death rates of several recent 
reports including this series are summarized in Ta- 
ble IV. 
During long-term follow-up, carotid artery short- 
ening does not add to late morbidity. In our own 
experience, extended follow-up demonstrated no 
ipsilateral symptoms, or ipsilateral carotid artery 
occlusion or stenosis greater than 80%. Poindexter et 
al. 2 also noted no late complications in patients 
monitored 6 months to 4 years after undergoing 
carotid artery shortening procedures. At present, 
there are few published ata on long-term effects of 
concomitant carotid artery shortening. Recurrent 
stenosis is weil known to affect a percentage of 
patients undergoing carotid endarterectomy and, in 
some cases, is responsible for symptoms. I7'1s In our 
series, follow-up carotid artery duplex data obtained 
an averagc of 37 months after operation revealed 
normal scans in 70%, less than 50% stenosis in 6%, 
and 50% to 79% stenosis in 24%. In no case did 
recurrent stenosis become symptomatic. This is 
similar to other series reporting frequency of recur- 
rent stenosis after endarterectomy alone. 17,19 A1- 
though prospective randomized studies comparing 
carotid endarterectomy with and without carotid 
artery shortening procedures have not been done, 
such comparisons between standard longitudinal 
arteriotomies and eversion endarterectomy with 
transverse division of the carotid artery have been 
reported. In two studies by Kie W et al. 2° and 
Kasprzak and Raithel 2x of 20 and 122 patients, 
respectively, undergoing eversion endarterectomy, 
long-term restenosis rates were lower than those 
found among control patients having standard lon- 
gitudinal endarterectomy. In a similar report by 
Vanmaele, 22 the author suggests that lower recur- 
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rence rates after eversion endarterectomy result from 
a lesser diameter reduct ion after suturing a transverse 
incision instead o f  a longitudinal  incision. These data 
suggest hat carotid artery transection, as a compo-  
nent o f  the shortening procedure, does not  inherently 
add to the risk o f  recurrent stenosis. 
A l though there are obvious theoretical advan- 
tages to the performance o fcarot id  artery shortening 
procedures on selected patients, prospective random- 
ized studies have not  been performed. This report  
suggests that carotid artery shortening can be done 
safely with no added short- or long-term morbidity.  
On  the basis o f  this prel iminary experience, we 
suggest that carotid artery shortening procedures 
ma}5 be helpful for selected patients and should be 
within the armamentar ium o f the vascular surgeon. 
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DISCUSSION 
Dr. Wil l iam H. Edwards (Nashville, Tenn.). I agree 
with the authors that there are occasions in which there are 
tortuosities or kinks of the internal carotid artery after 
endarterectomy and that theoretically resection might be 
efficacious. 
The authors reviewed 1072 carotid endarterectomies 
over a 10-year period and had recently reported their 
recurrence rate in this group of patients and now are 
reporting 107 patients who had a concomitant carotid 
artery shortening at the time of endarterectomy. Three 
techniques were described to correct he perceived problem 
in the internal carotid artery with tortuosity. 
In 48 of the cases they resected a segment of common 
carotid artery that was in the area of the longitudinal 
arteriotomy. In my experience the common carotid artery 
is not the vessel that is usually tortuous or elongated and 
that the internal carotid artery is; therefore I have not used 
the technique of common carotid artery resection. 
In 30 cases they described resection of the internal 
carotid artery distal to their longitudinal rteriotomy. I like 
to expose amoderate length of internal carotid artery both 
to be certain that I am above the disease and to have distal 
control for my shunt. I find that resecting the internal 
carotid artery above my arteriotomy is difficult. 
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The authors then transected the origin of the internal 
carotid artery, rotated it 180 degrees, and put it back on as 
a patch graft. I have not really used any of these techniques. 
I have, however, transected the endarterectomized s gment 
of the internal carotid artery, reanastomosed the posterior 
wall of the artery, and then closed my arteriotomy either 
primarily or with a patch depending on what I believed that 
the size of the artery would be after it was closed. I don't 
hesitate to patch if I think it is necessary, nor do I hesitate 
to close the arteriotomy primarily. 
In our series the internal carotid artery was resected in 
101 cases. This is in more than 5000 carotid endarterec- 
tomies or about 1.9%. In Dr. Smith's eries it was close to 
10%. I believe that this is a very surgeon-dependent 
procedure in that most of these 101 arteries that were 
transected were my cases and that my more senior 
associates and some of my younger associates have not 
found the need to transect the internal carotid artery and 
that the results are as good as those I obtained. In this 
series, there was one stroke, one transient ischemic event; 
the patient who had a stroke died and there was one 
additional death. 
In this group of 107 patients, was there a surgeon who 
resected more than the others? 
The authors report hematomas up to 6.5%. This is a 
little higher than in the nonshortening group. It is a little 
higher than we would anticipate in our group. Was there 
any reason for this? Was it at the site of the transection or 
of the resection? 
In the text the authors imply that patients undergoing 
shortening procedures may be at less risk for restenosis 
when compared with patients without a shortening pro- 
cedure. They base this on comparative studies of eversion 
endarterectomy in which it has been reported that long- 
term restenosis may be lower than in control patients with 
merely a longimdinal arteriotomy after their endarterec- 
tomy. I do not believe that there are sufficient data to draw 
a conclusion one way or the other. 
I agree that shortening of the internal carotid artery is 
sometimes necessary. 
Dr. Robert B. Smith I I I .  There are many ways to 
accomplish carotid endarterectomy safely. Whether to 
shunt, patch, or shorten is guided largely by one's own 
experience. We became more willing to shorten when we 
had t-wo patients in whom early postoperative thrombosis 
occurred. At reoperation we found that the artery was 
occluded where it was acutely kinked. I inferred that the 
thrombosis was related to the kink and since then have tried 
to/eave arteries traighter. I admit hat such decisions have 
a lot to do with the seniority of the surgeon and with the 
number of times you have gotten into trouble and wished 
yon had done something differently at the initial operation. 
The question you raised about postoperative he- 
matoma was probably not related to the shortening 
procedure. Most of these operations were done in an era 
when we »vere not reversing heparin, and our total series 
had a significant incidence of hematomas, 6% or 7%, 
roughly one-half of which required evacuation in the 
operating room. 
The last point you made is the matter of restenosis. The 
information is largely anecdotal but in my experience of 
reoperations on patients in whom we had done the initial 
operation, we have never had to reoperate on a patient who 
has undergone previous hortening. 
Dr. Robert R. Nesbit, Jr. (Augusta, Ga.). I agree that 
the technique issometimes necessary, but one way ofdoing 
it that you didn't mention is a plication technique that was 
described in a throw-away a few years ago. It is a very 
simple, very nice techniqne of not dividing the artery but 
simply taking a tuck in the back wall and putting a sumre 
line across the back from within and putting a patch on the 
front. That is a very easy way to shorten the artery. 
Dr. Smith. I am aware of that technique but have not 
used it in this location. We have used it to straighten 
vertebral arteries at their origin, so I have no doubt that 
mechanically it could just as well be done in the carotid 
artery. I also agree with those who make the point that on 
occasion one can accomplish the same thing simply by the 
application of a patch without adjunctive shortening. 
However, we have seen examples of elongated, flexible 
arteries that kinked sharply at the upper end of the patch. 
If the hand-held Doppler confirms that flow is impaired at 
that location, we have proceeded immediately to shorten 
the artery. 
Dr. J. Harold Harr ison (Atlanta, Ga.). I have been 
doing the shortening, as you described, eversion endarter- 
ectomies on carotid arteries as the primary procedure since 
the early 1970s. We started-this was an outcrop of 
working with kinks in the 1960s and the combination of 
kinks plus the plaque. It is perfectly obvious to me that 
performing endarterectomy and leaving the kink up at the 
top end of where your incision is doesn't make sense, and 
it makes much more sense to straighten it out and avoid any 
kinking, not to mention any potential benefits of eliminat- 
ing the kink. 
We have come down to basically two procedures. One 
of them, if there is no problem in sacrificing one external 
carotid artery or maybe both, is to ligate the external carotid 
artery and then transect the artery, pefform the eversion- 
type of endarterectomy, and perform an end-to-end 
anastomosis wherein you take out as much common 
carotid artery as is required to give you a good fit. We have 
gone through the matter of cutting the internal carotid 
artery up high as has been said before technically. I don't 
think this is as easy or as safe as doing the endarterectomy 
and shortening the artery. 
The other technique we perform when we want to save 
the external carotid artery. We simply transect i oblique at 
the origin of the internal carotid artery and then bring it 
down to a point on the common carotid artery to get it 
whatever lengthening that we want. This allows us to leave 
the internal carotid artery alone. One point here in this is 
that one has to be careful in keeping the artery straight. 
When there is a tortuous or a kinked artery, one have to be 
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careful not to pull too hard to create more of a kink than 
was there before. 
There is no question in my mind that this is the best 
procedure for all carotid endarterectomies. The recurrence 
rate is not any higher than the other. It is probably lower. 
The redo surgery of an eversion endarterectomy or the 
shortening is much simpler; all you have to do is thread it 
across, clean it out, and pur it back together. It just slides 
out. You don't have that long suture line to worry about as 
far as redoing the procedure. It works. 
Dr. Smith. For those who have not done shortening 
and might be apprehensive about he ability of the internal 
carotid artery to hold sutures weil after an endarterectomy, 
I can report hat we have never had a late blow-out or need 
to reoperate on a patient for bleeding from the suture line. 
Even though the internal carotid artery sometimes appears 
so thin you could read newsprint hrough it, it has good 
integrity and holds sutures very weil. 
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To be considered for selection acandidate: 
1. Should be certified by the American Board of Surgery or have completed the 
requirements for certification 
2. Should submit an application within 5 years of completion of an approved vas- 
cular surgery residency training program 
3. Must have either a faculty appointment in an approved medical school in the 
United States or Canada or have received an academic appointment within the 
guiddines of the applicant's institution 
Grant awards are not intended to supplement salary, which will remain the responsi- 
bility of the institution in which the awardee holds an appointment. The awardee is 
expected to devote a significant amount of time to the funded project. A progress report 
must be presented to the Executive Committee of the Foundation by the following April 
1, and, on completion of the project, a brief oral report is to be presented to the 
memberships of the two societies during a plenary session at the Joint Annual Meeting. 
A grant awards committee will review competitive applications. It is anticipated that 
two grants will be awarded annually totaling $50,000 each to include indirect costs. The 
$50,000 grant includes funding to enable the awardee to attend the Joint Annual Meeting 
of the Vascular Societies to receive his or her award in the year of selection. Each award 
will be for I year with the option to extend for an additional year. 
Hol&rs of substantial research awards, such as an N IH  ROI, FIRST Award, or 
similar support, are ineligible. The applicant must append to the application the abstracts 
of any funded or pending rants. 
Grant applications may be obtained from: 
Chairman 
The Lifeline Foundation 
Thirteen Elm St. 
Research and Education Committee 
Manchester, MA 01944 
(508)526-8330 
The deadline for receiving applications in the Foundation office is January 15, 
1996. Funds will be awarded by July 1, 1996. 
